1 Alternaria brassicae, a necrotrophic pathogen, causes Alternaria Leaf Spot, one of the 2 economically important diseases of Brassica crops. Many other Alternaria spp. such as A. brassicicola and 3
Introduction

39
The genus Alternaria belonging to the class of Dothideomycetes contains many important plant 40 pathogens. Diseases in the Brassicaceae family caused by Alternaria spp. result in significant yield losses 1 .
41
Alternaria spp. have a wide host range within the Brassicaceae, infecting both the vegetable as well as the form of coding regions identified by TransDecoder was also used. Additionally, homology-based gene 114 prediction was carried out using GeMoMa 21 with protein-coding genes of A. longipes, A. arborescens and 115 A. alternata.
116
Each of these lines of evidence was presented to EVM as separate tracks. In EVM, weights were assigned 117 to each evidence as follows: AUGUSTUS 1, GeneMark-HMM-ES 1, GeMoMa 1, and RNA-Seq evidence 118 5 . The genes predicted by EVM were used for all the downstream analyses. Genes were then annotated 119 using BLAST against UniProt, SWISS-PROT, CAZy, MEROPS, and PHI-BASE. The fungal version of 120 antiSMASH (version 4.0) 22 was used to identify secondary metabolite gene clusters in the genomes.
121
Candidate effector proteins were predicted using the following pipeline: a) SignalP (version 4.1) 23 and 122 Phobius to identify secreted proteins, b) TMHMM (version 2.0) 24 to remove proteins with transmembrane 123 domains, c) predGPI to filter out proteins that harbored a GPI membrane-anchoring domain, and d) ITS and GAPDH sequences. The A. alternata assemblies Aat_PN1 and Aat_PN2 consisted of 14 contigs totalling to 33.77 Mb, and 15 contigs totalling to 33.53 Mb, respectively (Table 1) . Six contigs in each of 153 the two assemblies contained telomeric repeats on both ends and therefore, are most likely to represent full 154 chromosomal molecules. Four other contigs in both the assemblies contained telomeric repeats on one end 155 but were of similar size of full chromosome molecules as described in A. solani 13 . Therefore, the genome 156 assemblies for A. alternata isolates represented ten nearly complete chromosomes each. Whole genome 157 alignments with related Alternaria spp. showed an overall synteny between the genomes with minor 158 rearrangements. Additionally, mitochondrial sequences were also obtained from the sequencing data for 159 the two isolates of A. alternata. The mitochondrial genomes of the A. alternata strains were approximately 160 49 ,783 bp and 50,765 bp in size respectively and showed high similarity with the previously published 161 mitochondrial genome of A. alternata 28 .
162
Gene prediction following repeat masking resulted in the identification of 11593, 11495, and 11387 163 genes in the A. brassicae, A. alternata PN1, and PN2 genome assemblies, respectively. This was 164 comparable to the gene numbers estimated in other Alternaria spp. (Table 1 ). BUSCO analysis showed 165 that the gene models predicted in the three genomes covered 98 % of the single copy conserved fungal 166 genes indicating near-completeness of the assemblies. The predicted genes were comprehensively 167 annotated using a combination of databases as described in the Methods section ( Figure 1 ; Supplementary   168   Table 1 ). In addition to the three genomes, we also predicted genes de novo in the genome assemblies of 169 three other Alternaria species which were sequenced using long-read technologies viz. A. brassicicola 170 (abra43) 11 , A. alternata (ATCC34957) 12 , and A. solani (altNL03003) 13 (Table 1 ). These six genomes and 171 their gene predictions were used for the comparative analyses of secondary metabolite encoding gene 172 clusters and effector-coding genes. In order to accurately reconstruct the divergence and relationship between A. brassicae, the two A. 176 alternata isolates (PN1 and PN2), and the other Alternaria species, we conducted phylogenomic analyses 177 using 29 single copy orthologs that had the highest phylogenetic signal as calculated by the program Mirlo.
178
Selection of genes with higher phylogenetic signals leads to phylogenies that are more congruent with the 179 species tree 29 . The resulting phylogeny showed that the large-spored Alternaria and small-spored We compared the genomes of A. alternata PN1 and PN2 (isolated from B. juncea) to that of A.
PN2 to that of A. alternata ATCC34957 revealed very high levels of synteny and the absence of any 190 species-specific regions. Notably, all the three species did not contain any dispensable chromosomes which 191 may confer pathogenicity, as has been reported for A. alternata isolates infecting many of the fruit crops 192 such as citrus, pear, and apple 31, 32, 45 . The gene repertoires of the three species also consisted of similar 193 number and type of effectors, CAZymes, and secondary metabolite clusters ( Table 1) . These results 194 suggest that these isolates of A. alternata may be opportunistic secondary pathogens. 
197
Many plant pathogens are known to have a bipartite genome architecture or what is generally known as a 198 two-speed genome, in which the gene-sparse repeat-rich region provides the raw material for adaptive 199 evolution 30 . Repeat content estimation and masking using RepeatModeler and RepeatMasker revealed that scaffold 13, 17, 18, and 19 ) was compared to the whole genome. The gene content of the lineage-specific contigs was significantly lower than that of the core chromosomes (Table 2) . Conversely, the DC contigs 229 were highly enriched in TE content as compared to the core chromosomes (Table 2) . Although, the DC 230 was not enriched with genes encoding secreted proteins, the proportion of secreted effector genes was 30% 231 higher as compared to the core chromosomes. All the above evidence point to the fact that A. brassicae Table 2) 242 out of which 3,45,321 proteins could be assigned to an orthogroup. We identified 460 A. brassicae specific 243 genes which were present in A. brassicae but absent in all other Alternaria species ( Supplementary Table   244 3). These species-specific genes included 35 secreted protein coding genes out of which 11 were predicted 245 to be effectors. Additionally, 20 of these species-specific genes were present on the DC. A large number of 246 these proteins belonged to the category of uncharacterised proteins with no known function. In order to test 247 whether these species-specific genes are the result of adaptive evolution taking place in the repeat-rich 248 regions of the genome, we carried out a permutation test to compare the overlap of repeat-rich regions and 249 transposable elements with a random gene set against the overlap of these species-specific genes. We 250 found that these species-specific genes overlapped significantly with repeat-rich regions (P-value: 9.99e-251 05; Z-score: -4.825) and transposable elements (P-value: 0.0460; Z-score: 2.539) in the genome. Table 4 ). Out of the five NRPS clusters, we could identify 260 three clusters which produce known secondary metabolites viz. Destruxin B, HC-toxin and 261 dimethylcoprogen (siderophore).
262
Destruxin B represents a class of cyclic depsipeptides that is known to be one of the key pathogenicity 263 factors of A. brassicae and has been reported to a host-specific toxin of A. brassicae 5 . Destruxin B has not 264 been reported to be produced by any of the other Alternaria species. Here we report for the first time the biosynthetic gene cluster responsible for Destruxin B production in A. brassicae. The cluster consists of 10 266 genes, including the major biosynthetic enzyme encoded by an NRPS gene (DtxS1) and the rate-limiting 267 enzyme, DtxS3 (aldo-keto reductase) ( Supplementary Table 4 ). Interestingly, synteny analysis of this 268 cluster among the six Alternaria species showed that both these genes were not present in any of the other 269 Alternaria spp. although the overall synteny of the cluster was maintained in all of these species (Figure 4 ). 
283
We also identified a gene cluster responsible for dimethylcoprogen (siderophore) production in A. Table 4 ). HC-toxin is a known virulence determinant of 289 the plant pathogen Cochliobolus carbonum, which infects maize genotypes that lack a functional copy of 290 HM1, a carbonyl reductase that detoxifies the toxin 37 . A recent report showed that A. jesenskae also could 291 produce HC-toxin, making it the only other fungus other than C. carbonum to produce the toxin 38 . The 292 presence of the HC-toxin cluster in A. brassicae hints towards the possibility of many other species having 293 the potential to produce HC-toxin outside the Cochliobolus genus. Additionally, a PKS type cluster 294 consisting of 12 genes, responsible for melanin production was also identified ( Supplementary Table 4 ).
295
The melanin biosynthetic cluster has been described for A. alternata previously 39 . Also, the transcription 296 factor Amr1, which induces melanin production, has been characterized in A. brassicicola and is known to 297 suppress virulence 40 
344
We predicted the effector repertoire of six Alternaria species (Table 1) Table 6 ). We found that most of the effectors between the six species 349 to be common and overlapping, suggesting that the broad mechanisms of pathogenesis involving 350 proteinaceous effectors may be conserved within the genus. However, we found two copies of a 
356
We could also establish that some of the effectors in A. brassicae have the potential to evolve 357 adaptively since they were also significantly associated with the repeat-rich regions of the genome (P- 
Figure legends
